Abstract Lung cancer remains a common cancer worldwide. The normal mediastinum on imaging often requires further clarification prior to potentially curative surgery. In this article we review the indications for endobronchial ultrasound (EBUS) and compare it with radiological imaging. We evaluate recent publications on EBUS as a means to evaluate CT and PET negative mediastinal lymph nodes. We also discuss the role of a combined approach of oesophageal ultrasound (EUS) with EBUS for staging of the mediastinum and evaluate the future of EBUS in lung cancer. Transbronchial needle forceps biopsy is a new approach to obtain a larger histological specimen under ultrasound guidance and may be used for immunohistochemistry analysis. In the future EBUS may also offer treatment options as outlined in this article.
Introduction
Lung cancer remains one the most common cancers worldwide and on diagnosis is often already at an advanced stage. In 26% of cases mediastinal lymph nodes are involved at the time of diagnosis and in 49% extrathoracic metastases can be found. In order to determine adequate treatment it is crucial to accurately stage non-small cell lung cancer (NSCLC). Computer tomography is often the first staging procedure to take place in disease evaluation. Other staging procedures include positron electron tomography (PET) or PET-CT scanning. Over the last few years endobronchial as well as esophageal ultrasound have been used to assess for tumor invasion, mediastinal lymph node enlargement, and also to sample suspicious nodes. International guidelines still recommend mediastinoscopy as the gold standard for staging of the mediastinum, although combining EBUS and EUS has shown very high sensitivity and specificity for the detection of mediastinal metastases.
Radiology
In most centers the standard staging procedure consists of CT scanning to determine local tumor extension as well as nodal and distant metastases. Lymph nodes are considered abnormal if their short-axis diameter is >1 cm, but smaller lymph nodes may contain metastatic material and lymph nodes may be enlarged due to benign disease.
The accuracy of CT scanning in the diagnosis of mediastinal disease is low, largely as a result of reliance on nodal size. In one study 20% of nodes thought to be positive were benign [1] , the authors suggesting that this is not suitable for staging. The sensitivity of CT for the detection of mediastinal lymph node spread is approximately 50% with a specificity of 85% [2••] .
Surgical studies have previously shown metastatic lymph nodes to be present at the time of surgery in 15%-20% of CT-negative patients [3] [4] [5] .
Morphologically normal nodes have been shown to contain metastatic disease. The introduction of functional imaging in PET allowed for the assessment of the metastatic disease activity, therefore increasing the sensitivity of imaging by identifying the involved small node <1 cm, but also excluding from staging the larger nodes that did not contain metastatic disease. PET has been found to be superior to CT scanning in determining mediastinal nodal involvement. PET was accurate in 94% of patients in characterizing "N" disease as compared to 61% with CT [6] . This was also shown in several meta-analyses, showing that PET was more accurate and more specific in predicting mediastinal node involvement [7, 8] . Spatial resolution of PET is poor, however, and lesions of less than 5 mm may be falsely negative due to the limited resolution of PET scanning as well as volume effects [9] .
The introduction of combined CT and PET imaging brought simultaneous morphological and functional analysis. Integrated PET-CT improves the diagnostic accuracy of the staging of non-small cell lung cancer. In a study by Lardinois et al. [10] , PET-CT added additional information in 41% of patients beyond that provided by visual correlation of PET and CT.
Despite these advances, a recent meta analysis has shown overall sensitivity for PET/CT to be 76% and specificity 88% [11] . PET-CT assessment of the mediastinum is associated with a clinically relevant false-positive rate.
Mediastinoscopy
Mediastinoscopy is to date still considered the gold standard for mediastinal staging by various societies and has a sensitivity of approximately 78% [12] . However, this is an invasive procedure, which requires general anesthesia and only certain lymph node stations are accessible (lymph node stations 2, 4, and anterior 7). The reported morbidity for this procedure is 2% and mortality 0.08% [13] . Furthermore, undetected mediastinal metastases often lead to unnecessary thoracotomies [14] .
Endobronchial ultrasound
Endobronchial ultrasound (EBUS) provides visualization of the tracheobronchial wall and para-bronchial structures and has become a routinely performed procedure in diagnostic bronchoscopy. It plays an important part in the staging of lung cancer patients in particular. EBUS can be used in this setting for the exclusion of local infiltration in case of early lung cancer, for detection of tumor infiltration of the tracheobronchial wall or mediastinal structures, as well as for the detection of lymph node involvement in lung cancer patients [15] .
Endosonography was initially used in the field of gastrointestinal endoscopy, especially for the staging of tumors of the esophagus and cardia [16] . Several studies in as early as 1990 showed that endoscopic ultrasonography is more accurate in staging patients with gastrointestinal carcinoma compared to radiological imaging procedures alone [16, 17] . To try and imitate these results, the use of ultrasonography within the airways was developed and over the last decades EBUS has been widely introduced with great success.
Nowadays, two different EBUS techniques for the staging of lung cancer can be distinguished. Radial balloon probes provide a view of the multilayer structure of the tracheobronchial wall and adjacent structures, whereas ultrasound-guided transbronchial needle aspiration allows sampling of enlarged hilar or mediastinal lymph nodes.
Involvement of tracheobronchial wall and mediastinal tumor infiltration
Endobronchial ultrasound plays an important role in the evaluation of the involvement of the tracheobronchial wall. At the tip of the radial endobronchial ultrasound probe, a water-inflatable balloon provides contact to the tracheobronchial wall and thus allowing sound wave transmission.
Particularly in cases of suspicious mucosal lesions, which are not visible on radiological imaging, the evaluation of depth penetration by EBUS is a crucial factor to distinguish between noninvasive and invasive carcinoma. Furthermore, it was shown that EBUS is a highly accurate diagnostic tool and superior to chest CT in evaluating airway involvement of central intrathoracic tumors [18] . In this prospective trial, 105 patients with central thoracic malignancies underwent computed tomography followed by EBUS evaluation and subsequent surgical procedure. The histopathologic findings after surgery revealed an accuracy of 94% for EBUS. Chest CT was far inferior with an accuracy of only 51%.
Hence EBUS provides more accurate local tumor staging compared to radiological imaging procedures and thus improving the base for rational therapy decision.
Lymph node involvement
Endobronchial ultrasound transbronchial needle aspiration (EBUS-TBNA) is a relatively recent development, which is performed by using an EBUS bronchoscope and was first reported by Krasnik et al. [19] in 2003 and by Yasufuku et al. [20] in 2004. EBUS bronchoscopes currently available have an outer diameter of 6.3-6.9 mm with a 2.0 mm instrument channel and a 30°side viewing optic. The convex array ultrasound transducer is mounted at the distal tip of the bronchoscope and covered with a water-inflatable balloon. Scanning is performed at a frequency of 7.5-12 MHz and achieves a tissue penetration of 20-50 mm. A 21 or 22 gauge needle, that contains an internal stylet, can then be advanced via the working channel into the lymph nodes under direct ultrasound control to sample the lymph node. The internal stylet avoids sampling tissue from the bronchial wall and stabilizes the needle. After puncture of the bronchial wall, the stylet is removed. Then, suction is applied at the proximal end of the needle [21] (Fig. 1) .
EBUS can access high mediastinal (lymph node station 1), upper paratracheal (station 2), lower paratracheal (station 4), the subcarinal level (station 7), as well as the hilar lymph nodes (station 10 and 11).
In contrast to mediastinoscopy the procedure can be performed under minor sedation and does not require theatre time. It is safe and carries a very low morbidity.
EBUS has been used for several years and has been shown to be a safe method for sampling mediastinal nodes under real-time sonography. It is used as an important tool in diagnosing lymphadenopathy due to sarcoidosis, tuberculosis, thymoma, lymphoma, or metastases of extrathoracic malignancies, but it has become a routinely performed bronchoscopic procedure in mediastinal staging of lung cancer. Lymph nodes with a size of 5 mm and upwards can be biopsied and have shown excellent diagnostic yield.
Several meta-analyses have been published on the accuracy of EBUS staging. One review included 10 trials which focused on mediastinal lymph node staging by EBUS-TBNA in 817 patients and revealed an overall specificity of 100% and a sensitivity of 88% [22] . Another meta-analysis from 2009 included 1,299 patients and showed a pooled sensitivity for EBUS of 93% [23•] .
EBUS-TBNA has also been reported as a diagnostic tool for the evaluation of the radiologically normal mediastinum [24] . In order to determine the sensitivity and specificity of EBUS in a radiologically normal mediastinum, Herth et al. [24] examined 100 patients with a lung mass (T1 to T4) but radiologically normal (N0) mediastinum on CT criteria. In these patients, 119 lymph nodes with a mean diameter of 8.1 mm were detected by endobronchial ultrasound and sampled. All patients had a least one node biopsied and all underwent mediastinoscopy or thoracotomy following this. The authors identified malignant mediastinal lymph nodes on EBUS that had been negative on CT scanning in 19 out of 100 patients. The sensitivity of EBUS-TBNA for detecting malignancy was 92.3%, specificity 100%, and the negative predictive value was 96.3% in this study. However, as neither PET nor PET-CT were included in the guidelines at the time of this study, these patients had only been radiologically staged by means of CT scanning.
Yasufuku et al. [25] in 2006 examined 102 patients with proven or suspected lung cancer and all patients underwent CT, PET, and EBUS-TBNA. Comparison was made of EBUS-TBNA staging with CT and PET in these potentially operable patients. CT scanning in this study for the prediction of mediastinal lymph node involvement showed a sensitivity of 76.9%, a specificity of 55.3%, negative predictive value of 87.5%, and an accuracy of 60.8%. PET identified several false-positive lymph nodes and the sensitivity was 80%, specificity 70.1%, and accuracy 72.5%. In comparison to these techniques, EBUS was significantly more able to predict the correct lymph node status and was highly sensitive and specific. The sensitivity of EBUS-TBNA for the prediction of mediastinal lymph node involvement was 92.3%, specificity was 100%, and accuracy 98%.
A further study by Herth et al. [26•] was undertaken in 2008 to investigate with endobronchial ultrasound, CT, and PET negative mediastinal lymph nodes in patients with lung cancer. A total of 100 patients with a high suspicion for NSCLC, but who had no lymph node enlargement on CT and a negative PET scan, underwent endobronchial ultrasound. Lymph nodes were biopsied and patients subsequently went for surgical staging to confirm the EBUS findings. EBUS-TBNA in this study had a sensitivity for the detection of malignancy of 89%, specificity of 100%, and a negative predictive value of 98.9%.
Rapid on-site evaluation of the samples obtained during an EBUS procedure has been shown to increase the yield of these procedures further as well as being cost effective [27] . This involves a cytopathologist screening the samples in the endoscopy suite for either presence or absence of diagnostic material. This way it can be ensured that diagnostic samples are obtained prior to ending the procedure and also avoids unnecessary multiple punctures once a diagnostic sample has been obtained.
Limitations of EBUS
Despite its clear value in the diagnosis of occult as well as in indeterminate mediastinal involvement, EBUS-TBNA still has its limitations. One of these is the lack of access to the paraesophageal and subaortic lymph nodes (position 5, 6, 8, and 9). Therefore, an accurate complete endoscopic mediastinal staging of lung cancer can only be achieved by combining the two complementary methods: EBUS-TBNA and esophageal ultrasound-guided fine-needle aspiration (EUS-FNA) [28] .
Combined approach with EBUS and EUS
The combined approach offers the so-called complete mediastinal staging. This way nearly all lymph node stations within the mediastinum can be accessed, hence increasing the sensitivity for mediastinal staging. A randomized trial of 241 patients by Annema et al. [29• •] directly compared mediastinoscopy with endosonography for mediastinal nodal staging. Either combined EUS/EBUS needle aspiration followed by mediastinoscopy (if endosonography negative) or mediastinoscopy alone was performed on patients who had enlarged mediastinal nodes by CT criteria or showed uptake on PET. This was then followed by thoracotomy with complete lymph node dissection if no mediastinal disease was present. The results indicated that mediastinal staging with endosonography followed by mediastinoscopy improved the detection of mediastinal metastases significantly (94% vs. 79% with surgical staging alone) and reduced the number of unnecessary thoracotomies. The results raised the question if the combined approach might replace mediastinoscopies in the future given its lower risk and cost profile.
In another study, it could be demonstrated that the combined approach of EBUS-TBNA and EUS-FNA could be performed by one single linear ultrasound bronchoscope [30] . In 139 patients with lung cancer, 619 lymph nodes were biopsied by either EUS-FNA or EBUS-TBNA. EBUS-TBNA was performed first, followed by EUS-FNA with the same bronchoscope. Sensitivity was 89% for EUS-FNA and 92% for EBUS-TBNA. The combined approach showed a sensitivity of 96%.
Szlubowski et al. [31] performed the combined approach in 120 patients with a radiologically normal mediastinum. The overall sensitivity for the combined approach was 68%, the negative predictive value was 91%, and the prevalence of N2/3 disease was recorded at 22%. The combined needle aspiration approach was shown to have a higher diagnostic yield than EBUS or EUS-needle aspiration alone.
Future of EBUS
One disadvantage of TBNA is that the cytological specimens obtained with 21 or 22 gauge needle are limited and therefore sometimes insufficient to provide a firm diagnosis. In particular, increasingly important immunohistochemistry and mutational analysis, used to determine targeted therapy in lung cancer patients, are commonly not possible due to sample size. Therefore, new methods providing larger tissue samples for histological examination are presently being developed. One of these approaches is the sampling of tissue by a transbronchial needle-forceps (TBNF) that has been developed for the EBUS bronchoscope. This new instrument combines the features of a needle with that of a forceps. A sharp tip allows penetration of the bronchial wall and the jaws can then be opened and closed within the node to obtain larger tissue samples. A recent pilot study of EBUS-guided lymph node biopsy with a TBNF [32] involved 50 patients with enlarged lymph nodes greater than 15 mm in short axis diameter on CT or PET-positive lymph nodes. All patients underwent EBUSguided TBNF of mediastinal as well as hilar lymph nodes. In 86% of patients, TBNF provided a histological diagnosis including malignancies as well as benign diseases. In all patients with a diagnosis of non-small cell lung cancer (n0 24), immunohistochemistry analysis of the specimen provided a specific subtype. The sensitivity, specificity, positive predictive value, negative predictive value, and accuracy value for the sampling technique was 88%, 100%, 100%, 17%, and 88%, respectively.
In the future, it seems that the EBUS scope will not only be used as a diagnostic tool, but also for therapeutic procedures. In 2006, a review related to transbronchial needle injection (TBNI) was published [33] . The authors described the therapeutic as well as diagnostic applications of TBNI that were performed by using a conventional TBNA needle without simultaneous ultrasonography guidance. Therapeutic strategies consisted of treatment of lung cancer and thoracic malignancies by local injection of ethanol [34] , tumor suppressor chemotherapeutic agents [35, 36] , and immunostimulatory genes [37] . TBNI also offers treatment for endobronchial inflammatory lesions [38] , recurrent respiratory papillomatosis [39] , and bronchopleural fistulas [40] . In addition to these therapeutic strategies, TBNI can be used for identifying the sentinel lymph node by injection of radiolabeled technetium-99 m into the visible endobronchial tumor or into the subsegment visible proximal to the tumor [41] . Furthermore, TBNI can be utilized to guide surgical localization of small pulmonary nodules by injection of the visceral pleura with indigo carmine dye [42] .
The technique of endobronchial or transbronchial injection of various agents has already been reported in the last decades, but it has not been widely used. In the future, these approaches can be improved by using EBUS-guided transbronchial needle injections, thus providing a more accurate instillation of the different agents into a specific predetermined target. Therefore, EBUS-guided TBNI will broaden this therapeutic approach in the future and will extend the therapeutic bronchoscopic spectrum.
Conclusions
The radiologically negative mediastinum in lung cancer patients remains a diagnostic problem. Endobronchial ultrasound is a minimally invasive procedure, which not only identifies potentially metastatic lymph nodes but also offers the possibility of sampling the lymph nodes. In the radiologically normal mediastinum, EBUS has been shown to be of great use to identify malignant nodes. Its sensitivity and specificity far exceeds conventional radiological means of staging. International guidelines still favor mediastinoscopy as the gold standard to determine mediastinal involvement. The sensitivity of EBUS and EUS in combination however is such that it may replace more invasive staging in the future.
EBUS is ever developing and has the potential of not only offering diagnostic interventions but has already been shown to have its use as a therapeutic tool. This field will certainly expand over the next few years.
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